Experimental

Apparatus
A Hitachi Z-8000 graphite-furnace atomic absorption spectrophotometer, equipped with a Zeeman background corrector, was used for an atomic absorption measurement of Be at 234.9 nm with a slit width of 1.3 nm. A hollow-cathode lamp of Be (Hitachi Co., Japan) was operated at 10 mA. Uncoated graphite tube cuvettes (No. 180-7400, Hitachi Co., Japan) were purchased. A MARS-5 microwave accelerated reaction system (CEM Co., USA), equipped with a temperature-controlled sensor, was used for the microwave digestion for Be in hair samples. During microwave digestion, each 7-ml teflon microvessel was placed in a 120-ml teflon PFA vessel which contained 9.5 ml of pure water for samples (or 10.0 ml of pure water for a temperature-controlled sensor).
Reagents and solutions
All chemicals used were of analytical reagent grade or better. Nitric acid (double distilled) and hydrochloric acid (trace metal grade) were purchased from Seastar Co., Canada. Methanol, acetylacetone, and hydrogen peroxide (35%, w/w) were from Merck, Germany.
Ammonium 
Analytical procedure for Be in hair
An amount (50 mg) of hair sample was accurately weighed to ±0.1 mg and placed in a 7-ml teflon microvessel. For spiked recovery tests, an appropriate amount (0 -5.00 ng) of Be [100 µg dm -3 of Be(II) prepared in methanol] was added to the hair sample. After being left standing overnight, a two-stage microwave digestion procedure using conc. HNO3 (750 µl) and H2O2 (30 µl), respectively, was employed at 90˚C for 10 min (corresponding to about 60 W for each microvessel).
After cooling to room temerature, each digested sample was transferred to a beaker (50 ml) and its pH was adjusted to 5.0 -6.0 by NH3(aq). Acetylacetone (60 µl) and ammonium acetate buffer (45 mmol, pH = 6.0) were added to the solution. The mixture was allowed to react at room temperature for about 1 h 8 to form a chelate of [Be(acac)2].
The chelate was preconcentrated on a home-made C18 cartridge [which was prepared by packing 200 mg C18 particles (Waters Associates Co.) in a 1 ml polypropylene pipette tip] and was eluted with methanol, and adjusted to 1.00 ml. A portion (20 µl) of the methanol solution was introduced into a graphite cuvette by a microsyringe (50 µl, Hamilton Co., USA) and atomized according to a temperature program ( Table 1 ). The peak heights in absorbance were used for a quantitative analysis.
Results and Discussion
Temperature program used for GFAAS
The effect of the ramping ashing temperatures (from 600 -600 to 600 -2200˚C for 30 s) and the atomization temperatures (2500 -2900˚C for 5 s) on the absorbance with and without a chelating agent (acetylacetone plus pH 6.0 acetate buffer) was tested with 26 pg Be(II) in 20 µl of a methanol solution [which was prepared by spiking 1.00 ng of Be(II) on 50 mg of hair sample No. 1, and finally concentrated to 1.00 ml in methanol]. Figure 1 indicates that when acac was not added into the digested hair sample solution, the Be(acac)2 chelate could not form in the sample solution. Thus, Be could not be adsorbed on the C18 cartridge when the sample solution passed through it. After the C18 cartridge was eluted with methanol, Be was not included in the methanol solution. Hence, no absorbance signal was observed during the pyrolysis. In the presence of acac and acetate buffer, the Be(acac)2 chelate was formed. During ashing, the absorbance increased from 600 -600˚C to 600 -1000˚C for 30 s and decreased above 600 -1800˚C. During atomization, the absorbance increased as the temperature increased from 2500 to 2900˚C for 5 s. Hence, suitable ramping ashing (600 -1400˚C) and atomization (2900˚C) temperatures were used, as tabulated in Table 1 .
Conditions used for microwave digestion
The results of digestion for spiked hair sample No. 1 (mentioned above) using various kinds of acids (aqua regia, concentrated HNO3, and concentrated HCl, respectively) were compared. The absorbance value (0.013) was largest when concentrated HNO3 was used, which was larger than that of aqua regia (0.011) and concentrated HCl (0.006). Hence, concentrated HNO3 was selected for use in this study.
The effect of the amounts (400 -1500 µl) of concentrated HNO3 for digesting spiked hair sample No. 1 (mentioned above) on the absorbance was tested with 26 pg Be in 20 µl of the methanol solution. The results indicate that the absorbance increased when the amount of conc. HNO3 increased from 400 to 750 µl and decreased when 1000 and 1500 µl were used. Hence, 750 µl of concentrated HNO3 was used.
The effect of the digestion temperatures (85 to 95˚C holding for 10 min) and the digestion times (5 -20 min at 90˚C) using concentrated HNO3 on the absorbance was tested with 26 pg Be in 20 µl of the methanol solution. The results indicate that the absorbance increased when the digestion temperature was increased from 85 to 90˚C, and then decreased at 95˚C; further, the absorbance increased when the digestion time increased from 5 to 10 min at 90˚C, and then decreased when the digestion time was longer than 10 min. Hence, digestion at 90˚C for 10 min was used.
After the first stage of digestion with conc. HNO3, the recovery of Be in spiked hair sample No. 1 (mentioned above) was only about 85%. In order to completely decompose the matrix in hair samples, hydrogen peroxide 11 was added to the digested sample for a second stage of digestion. The effect of the amounts (0 -100 µl) of H2O2 (35%, w/w) on the absorbance of Be was tested with 26 pg of Be in 20 µl of the methanol solution. The results indicate that the absorbance increased when the amounts of H2O2 increased from 0 to 30 µl, and then decreased when 50 and 100 µl were used. Hence, a 30-µl volume of H2O2 was selected for use in this study.
Amounts of acetate buffer and acetylacetone used
The effect of the pH (5.0 -7.0) of ammonium acetate buffer (5.0 M) on the absorbance of Be was tested with 26 pg of Be in 20 µl of the methanol solution. The results indicate that the absorbance of Be increased when the pH increased from 5.0 to 6.0, and then decreased when the pH increased from 6.5 to 7.0. Hence, an acetate buffer pH of 6.0 was used. Similarly, the amounts of acetate buffer (0 -50 mmol of pH 6.0) and acetylacetone (0 -100 µl) were varied. The results indicate that when 60 µl of acac was used, the absorbance increased as the amount of acetate buffer increased from 0 to 45 mmol, and then became a plateau. When 45 mmol of acetate buffer was used, the absorbance increased as the amount of acac increased from 0 to 60 µl, and became a plateau as the amount of acac increased from 60 to 70 µl. The absorbance decreased as the amount of acac increased from 70 to 100 µl; this might have been due to the excess acac, which would not be completely removed during the ashing step, and would interfere with the atomization of Be in the atomization step. Hence, 45 mmol of acetate buffer and 60 µl of acetylacetone were selected for use.
Calibration graphs, method detection limit (MDL), and accuracy tests for Be in hair
Two sets of calibration graphs were compared. In the first set, a typical calibration graph for Be from the standard addition method was y = 1.76 × 10 -2 x + 4.4 × 10 -3 with a correlation coefficient of 0.9995 when 0 -5.00 ng of Be(II) was spiked to hair sample No. 1 (50 mg). The second set was prepared by adding Be(II) (0 -5.00 ng) directly to a methanol solution (1.00 ml) containing acetylacetone (60 µl) and an appropriate amount of ammonium acetate buffer (1.8 mmol, in methanol).
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A typical calibration graph from the second set was y = 1.74 × 10 -2
x -0.6 × 10 -3 with a correlation coefficient of 0.9997. This indicates that the hair matrix does not significantly interfere with the measurement of Be after the second stage of microwave digestion. Thus, the calibration graphs prepared from the second set can be used for the quantitation of Be in hair samples.
Following the proposed method, the MDL was determined as the amount corresponding to three-times the standard deviation of twelve replicates using 20 µl of a methanol solution containing 6.0 pg of Be prepared from hair sample No. 1. The MDL (3σ) of Be in human hair from the mean of six determinations was found to be (0.10 ± 0.00) ng for a 50 mg hair sample, or (2.0 ± 0.0) ng g -1 . The absolute MDL value of Be obtained in this work was comparable to those (1.0 ng g -1 for a 1.0 g hair sample 9 by GFAAS and 0.2 ng g -1 for a 1.0 g hair sample 12 by HPLC) reported elsewhere.
The accuracy of the proposed method was checked by testing a human hair CRM (GBW 07601). The concentrations of Be obtained from the mean of three determinations on Day 1 and Day 2 were (62.4 ± 1.4) ng g -1 and (61.2 ± 0.8) ng g -1 , respectively, as listed in Table 2 . The obtained results are all within the certified values, (63 ± 15) ng g -1 , with the relative standard deviation (RSD, n = 3) being within 2.2%.
The amounts of Be measured in five real hair samples (No. 1 -No. 5) were 0.30 ± 0.01, 0.32 ± 0.02, 0.30 ± 0.02, 0.33 ± 0.03, and 0.38 ± 0.01 ng, respectively, in 50 mg with RSD (n = 3) within 9.1%. These correspond to concentrations in the range of 6.0 -7.6 ng g -1 . After spiking 0.30 -1.00 ng of Be(II) on the above five real hair samples, the recoveries of Be were in the range of 102 -103% with the RSD (n = 3) being within 3.0%. It is concluded that the contents (2.0 -100 ng g -1 ) of Be in human hair (50 mg) can be accurately determined by the proposed method. 
